Decreased membrane permeability to potassium is responsible for the cell volume increase that drives lens fiber cell elongation.
Differentiation of lens epithelial cells into fiber cells involves an increase in cell volume which previously was proposed to be the direct cause of the extensive cell elongation which accompanies fiber formation. In this study we have continued to investigate the mechanism underlying cell elongation by defining the minimum nutrient and ion requirements of elongating cells, measuring potassium and sodium fluxes in stimulated and unstimulated lens epithelia, and determining the effects of several pharmacological agents on elongation and ion transport. We have shown that elongation will occur in a basic salt/glucose solution with Insulin-like growth factor I/somatomedin-C stimulation. Neither sodium nor any metabolite appears to be the osmotically active species which drives the increase in cell volume. However, potassium efflux rate coefficient was 47% lower in differentiating cells than in unstimulated cells, whereas potassium uptake rates and ouabain effects were similar. Cells did not elongate in potassium-free medium nor in the presence of several drugs which prevent the accumulation of intracellular potassium or hinder osmotic water flux. Unstimulated cells elongated, however, with the application of quinidine, a drug known to block potassium channels. We propose that stimulation of lens epithelial cells with an insulin-like growth factor signals the closure of a certain population of potassium channels. As a result, potassium efflux from the differentiating cells slows while active potassium uptake continues at a constant rate. Potassium then accumulates within the cell causing water influx, an increase in cell volume, and cell elongation.